We have observed the pure rotational spectra of HBr isotopomers in their v = 0 and v = 1 states between 0.97 and 1.02 THz. i. e. the HBr .7 = 2-1 and the DBr .7 =4 -3 transitions, respectively. In the analysis, all presently available rotational transitions of all isotopomers have been fitted to a Dunham-type Hamiltonian to obtain the isotopically invariant parameters, including vibrational and rotational expansion coefficients for the hyperfine constants. In the analysis, the vibrational expansion coefficients of the nuclear quadrupole interaction are determined up to second order, and up to first order for the nuclear spin-rotation interaction.
Introduction
While the rotational Hamiltonian in diatomic molecules is often treated using Dunham's results in a form including correction parameters for the breakdown of the Born-Oppenheimer approximation (cf. e.g. [1]), a similar expansion for the hfs constants, as introduced by Ryzlewicz et al. [2] , is not so frequently employed. However, this approach is interesting since it will improve the ratio between observed transitions and determined parameters. Diatomic molecules including hydrogen atoms provide a good test for this approach since the substitution H -> D changes the reduced mass strongly. HBr. with hyperfine structure due to both nuclei, thus serves as an interesting candidate.
Ro-vibrational spectra of HBr isotopomers have been investigated by several authors; a good overview and a thorough analysis of the isotopic dependence of Born-Oppenheimer breakdown effects is given in the work of Coxon and Hajigeorgiou (3] , Special attention to the bromine hyperfine structure is payed in a paper by Wells et al. [4] , where a first estimate for the quadrupole hyperfine constants in the first excited vibrational state of D 7g Br has been extracted from an analysis of the v = 1 -0 band. Previous work on HBr pure rotational spectra cover the vibrational ground state of several isotopomers. Very accurate molecular beam spectra of the .7 =1-0 transition of HBr and DBr have been made by van Dijk and Dymanus [5. 6] , clearly resolving the hfs patterns of both nuclei in the molecule. De Lucia et al. [7) have recorded a wider range of transitions, but with less accuracy. Far-infrared rotational spectra up to 4.5 THz have been measured by Di Lonardo et al. [8] .
The sensitivity of our THz spectrometer has allowed us to measure for the first time pure rotational transitions of H 79 
Hamiltonian
The rotational part of the Dunham-type Hamiltonian was already discussed in our previous publications on rotational spectra of the CN and SO radicals (1,9]. The emphasis here will lie on the isotopically invariant Dunham-type expansions of the hyperfine structure (hfs) parameters eQq. Cj and dj-, requiring additional terms not included in those previous works. Therefore, we review it to somewhat more detail.
The dominant contribution to the hfs is caused by the nuclear electric quadrupole hfs of the Br nuclei. In the case of deuterated species, the very small quadrupole moment of the deuteron (spin I = 1) gives also rise to an additional quadrupole hfs (for hydrogen atoms, this is not the case since its nuclear spin is I = 1/2). Following Ryzlewicz et al. [2] , the nuclear electric quadrupole coupling constant is expanded in a Dunham-type series as
A second contribution to the hyperfine structure arises from the interaction between nuclear spin and rotation of the molecular frame. It applies to all H and Br isotopes. In contrast to the electric quadrupole hfs, it is a second-order effect, theoretically treated as a perturbation by excited electronic states. As pointed out by Townes and Schawlow [10] , the associated nuclear magnetic coupling parameter Cj is approximately proportional to the rotational constant B. Since D oc // _l ,we may adopt the expansion
where the C tJ are isotopically invariant. This expansion is surely of approximate character; the individual result of the fit will judge whether it is applicable or not. However, in general the accuracy of determined frequencies does only permit a moderately accurate determination of the Cj, so this approximation is not expected to be required in most cases. The proportionality with 1 /7 accounts for different nuclear spins of different isotopes as 7 = 1/2 for H and I = 1 for D. The very high resolution measurements performed 
where the dr,ij are isotopically invariant. The complete matrix elements used in the present work are given in the Appendix.
Experimental
The spectra were recorded by use of frequency and phase stabilized backward wave oscillators (BWOs) supplied by the ISTOK Research and Production Co. (Fryazino. Moscow region). For technical details the reader is referred to [ 1 1 ] and [12] .
Briefly, the output of the high frequency BWO (OB-82, min. power 1 mW) is locked to the harmonics of a 78-to 118-GHz synthesizer, supplied by the KVARZ Co., Nizhnii Novgorod. Russia. The synthesizer and the generated intermediate frequency signal are locked to a rubidium frequency standard. After passing the 4.4 meter absorption cell, the radiation is detected by a magnetically tuned InSb hot electron bolometer (QMC, U.K.), which provides enhanced sensitivity between 1 and 2 THz.
As sample spectra. 
Analysis and Discussion
The newly observed transitions (Table 1) have been subjected to a global fit together with frequencies reported by Dijk and Dymanus [5, 6] , Di Lonardo For the global fit in the method described above, values for the nuclear electric quadrupole moments have to be taken from the literature. The absolute values of the nuclear quadrupole moments are not known to the required accuracy; nevertheless, their ratio for the bromine nuclei Q( 7g Br)/Q( 81 Br) is very accurately known [14] . We have fixed the ratio at this value and determined <7( 81 Br) in the fit. Accurate nuclear magnetic moments Hi/UN as well as atomic masses were taken as compiled by the IUPAC [15] .
The successful simultaneous fitting reveals the ability of the Dunham-type approach also for the hyperfine constants. Only nine hyperfine constants were needed in the global fit, whereas e.g. the highresolution data for the v = 0 state of D 79 Br only, already require five hyperfine constants. Although the present measurements report the first pure rotational spectra in the v = 1 states, the first order vibrational dependence of the eQq constants for the bromine nuclei had already been noticed earlier. Dijk and Dymanus (6] have determined it from the isotopic shifts in the bromine eQq by comparison of HBr to DBr. Our global fit including the new v = 1 transitions also yields the second order vibrational dependence coefficient eQqio to be of significance. The equilibrium value eQqoo of Dijk and Dymanus agrees well with ours, whereas there is a small difference in the first vibrational expansion parameter eQqi0 since they had not determined eQq2o.
Concerning the nuclear spin-rotation interaction of the bromine nuclei, the vibrational dependence could be determined for the first time in the present work. It should be mentioned that the vibrational correction C\o is positive, whereas the corresponding parameter UII, related to the rotational constant B. is negative: while the proportionality of C/ and B is well obeyed for isotopic substitution within the same vibrational state, it does not hold for a change of the vibrational quantum number: by an increase of v, also Cj fV increases while Br decreases. Furthermore, the relative vibrational dependence of C/ is larger than for the rotational constant. Table 3 shows bromine hyperfine constants for the individual states involved, derived from our global fit, in comparison to the most accurate previous values. All v = 0 constants previously reported by Di Lonardo et al. [8] and van Dijk and Dymanus [5, 6] are reproduced within 1 a (the eQq s in [5, 6] correspond to eQq + 2eQq,] for being derived from the J = 1-0 transitions only). A value for eQq (D 19 Br) in the v -1 state, although with large error bars, was derived from a study of the v -1 -0 band [4] , Their values do not agree within their uncertainties with our more accurate values, and also contradict the vibrational dependence already obtained by van Dijk and Dymanus [6] , The hydrogen hyperfine structure parameters, as well as the magnetic spin-spin interaction parameter dr between the bromine and hydrogen nuclei, agree perfectly with the constants in [5. 6] , and here therefore. they are not tabulated for each state separately.
Conclusion
The sensitivity and resolution of the Cologne THz spectrometer has enabled us to observe rotational spectra of HBr isotopomers for the first time. In the analysis, it is shown that a Dunham-type expansion including all relevant hyperfine parameters is very suitable to reproduce all hitherto observed rotational spectra of the species. The vibrational dependence of the electric quadrupole and magnetic spin-rotation hyperfine structure has been precisely determined. In particular, the nuclear spin-rotation constants increase with increasing v and thus do not show a proportionality with the rotational constant B, whereas such a proportionality holds very well under isotopic substitution. 
